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Abstract: The goal of this study was to compare the lipid, glycogen, and total sugar levels in completely starved (no water
or sugar provided), honey-fed, sucrose-fed, or sugar-starved (only water provided) females of the parasitoid Bracon hebetor
(Say) (Hymenoptera: Braconidae). We also quantified the lipid, glycogen, and total sugar levels in newly emerged unfed (day
0) female (n = 30) wasps. The mean amounts of reserves obtained from these females were regarded as a standard for the
initial amount of reserves. The glycogen level of emerging females was 17.99 ± 2.02 μg. As expected, sucrose- or honey-fed
females had significantly higher glycogen levels than emergent, completely starved, or sugar-starved females. There was no
significant difference between completely starved and sugar-starved females for glycogen levels. Emerging females had
significantly lower total sugar levels (10.38 ± 0.88 μg) than those receiving other diet treatments. Total sugar levels did not
significantly differ between completely starved and sugar-starved females. Similarly, honey-fed or sucrose-fed females had
similar levels of total sugars. Female B. hebetor emerged with the highest amounts of lipid (261.07 ± 16.57 μg). Lipid levels
in females of all diet treatments declined significantly from emergence to the tenth day of adult life. The decline in lipid levels
was slower in honey-fed or sucrose-fed females than in those of completely starved or sugar-starved females.
Key words: Bracon hebetor, glycogen, lipid, sugar feeding, total sugar

Şekerle beslenmenin, parazitoit Bracon hebetor (Say) (Hymenoptera: Braconidae)
dişilerinin lipit, glikojen ve toplam şeker miktarına etkisi
Özet: Bu çalışmanın amacı, tamamen aç bırakılan (ne su ne de şeker verilmiş), bal ile beslenen, sukroz ile beslenen ya da
şeker yönünden aç bırakılan (sadece su verilen) parazitoit Bracon hebetor (Say) (Hymenoptera: Braconidae) dişilerindeki
lipit, glikojen ve toplam şeker miktarlarını karşılaştırmaktır. Aynı zamanda, yeni ergin beslenmemiş (0 günlük) dişi (n = 30)
parazitoitlerdeki lipit, glikojen ve total şeker miktarları da belirlenmiştir. Bu dişilerden elde edilen maddelerin ortalama
miktarları, söz konusu maddelerin başlangıç miktarları olarak kabul edilmiştir. Yeni ergin dişilerin glikojen miktarı 17.99
± 2.02 μg olarak belirlendi. Beklenildiği gibi, sukroz ya da bal ile beslenen dişiler, yeni ergin, tamamen aç ya da şeker
verilmeyen dişilerden daha fazla glikojene sahip oldu. Tamamen aç bırakılan ya da şeker verilmeyen dişilerin glikojen
miktarları birbirinden farklı değildi. Yeni ergin dişilerin toplam şeker miktarı, diğer besin gruplarında bulunanlardan daha
düşüktü. Tamamen aç bırakılan ve şeker verilmeyen dişilerin toplam şeker miktarları birbirinden farklı değildi. Benzer
şekilde, bal ya da sukroz ile beslenenlerin toplam şeker seviyeleri aynıydı. Dişi B. hebetor ergin olduğunda en yüksek lipit
oranına (261.07 ± 16.57 μg) sahipti. Tüm besin gruplarındaki dişilerin lipit miktarları, yeni erginleştikleri günden ergin
hayatın onuncu gününe kadar önemli ölçüde azaldı. Lipit seviyelerindeki bu düşüş, bal ya da sukroz ile beslenen dişilerde,
tamamen aç bırakılan ya da şeker verilmeyen dişilere göre daha yavaş gerçekleşti.
Anahtar sözcükler: Bracon hebetor, glikojen, lipit, şekerle beslenme, toplam şeker
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Introduction
The adults of many parasitoid species depend
entirely or primarily on carbohydrates as energy
resources. Carbohydrate feeding optimizes parasitoid
effectiveness by increasing longevity, fecundity, and/or
parasitism rates (Godfray 1994; Olson and Andow
1998; Olson et al. 2000; Fadamiro and Heimpel 2001;
Gündüz and Gülel 2004; Lee et al. 2004; Chen and
Fadamiro 2006).
Sugar sources for parasitoids in the field include
floral and extrafloral nectar as well as honeydew
excreted by homopteran insects (Jervis and Kidd
1986; Hagley and Barber 1992; England and Evans
1997). Sucrose and its 2 monosaccharide components,
glucose and fructose, are key components of nectar
and honeydew. In addition to these key components,
honeydew also contains several disaccharides, such as
maltose and melibiose, and trisaccharides, such as
melezitose, raffinose, and erlose (Wäckers 2001).
These sugars can be used immediately to generate
energy metabolic purposes or can be stored for later
use through conversion to trehalose or glycogen
(Rivero and Casas 1999; Fadamiro et al. 2005). The fat
body is an organ equivalent in function to the human
liver and stores carbohydrates in the form of glycogen
and lipids in the form of triglycerides (Rivero and
Casas 1999).
Bracon hebetor (Say) (Hymenoptera: Braconidae)
is a gregarious, idiobiont, synovigenic larval parasitoid
of pyralid moths. The biology of B. hebetor has been
intensively studied because of both its suitability as a
model organism, since it is easy to rear in the
laboratory, and its potential as a biological control
agent of stored product moths (Benson 1973; Taylor
1988; Brower and Press 1990; Gündüz and Gülel 2005;
Milonas 2005; Magro et al. 2006).
The host moth, Ephestia kuehniella Zeller
(Lepidoptera: Pyralidae) (Mediterranean flour moth),
is a common pest of stored products; it is also used as
a laboratory host or prey for various parasites and
predators reared for release as biological control of
other pests (Corbet 1968; Momen and El-Laithy
2007). It is possible that quantitative and qualitative
differences exist among different insect groups and
species in terms of the effect of sugar feeding on their
fitness (Wäckers 2001; Chen and Fadamiro 2006).

Several studies have indicated that sugar feeding
substantially changes total sugar, glycogen, and lipid
levels of parasitoids (Olson et al. 2000; Lee et al. 2004;
Chen and Fadamiro 2006). However, little is known
about the impact of different factors on glycogen,
lipid, and total sugar reserves of female B. hebetor
(Gündüz et al. 2008). Accordingly, here we
investigated, under laboratory conditions, the effect
of sugar feeding upon glycogen, lipid, and total sugar
reserves of female parasitoids.
Materials and methods
B. hebetor females used in this study were reared
on late-stage larvae of the Mediterranean flour moth,
E. kuehniella, at the Department of Biology, Ondokuz
Mayıs University, Samsun, as described by Gündüz
and Gülel (2004). Culturing and all experimental
procedures were carried out in a room with a 16:8 L:D
photoperiod, at a temperature of 26 ± 2 °C and 60 ±
5% RH.
Newly emerged females were placed individually
into glass tubes (15 × 100 mm) and provided with one
of the following feeding treatments: (1) completely
starved (no sugar or water provided); (2) sugar-starved
(only water provided); (3) honey-fed (50% honey
solution in water provided); and (4) sucrose-fed (50%
sucrose solution in water provided). For the sugarstarved (water) treatment, a piece of cotton soaked in
water was placed inside the tube; for the other 2
treatments females were given a similar piece of cotton
soaked in a solution of honey or sucrose in water.
After the 10 days had elapsed, live females were
frozen at -20 °C for biochemical analysis. Each
treatment included at least 30 female wasps. We also
collected 30 newly emerged females for baseline
comparisons.
Lipid, glycogen, and total sugar levels were
quantified using a series of biochemical tests originally
developed by van Handel (1985a, 1985b) for
mosquitoes, and adapted for parasitoids (Olson et al.
2000; Fadamiro and Heimpel 2001; Lee et al. 2004).
Briefly, a female parasitoid was crushed with a plastic
pestle in a 1.5 mL microcentrifuge tube containing 50
μL of 2% sodium sulfate in distilled water and then
placed on ice. The solved nutrient was then extracted
with 450 μL of chloroform-methanol (1:2), after which
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the tube was vortexed. The tube was then centrifuged
at 14,000 × g for 2 min and 200 μL of the resulting
supernatant was transferred to a glass test tube (12 ×
75 mm) for the sugar assay and another 200 μL was
transferred to a similar glass tube for the lipid assay.
The precipitate was left in the microcentrifuge tube for
the glycogen assay. All tubes were heated at 90 °C until
all of the solution had evaporated from the lipid and
glycogen tubes and approximately 50 μL of solution
remained in the sugar tubes.
Lipid
To analyze lipids, 40 μL of sulfuric acid was added
to the tubes containing the lipid precipitate. The tubes
were then heated at 90 °C for 2 min. The tubes were
cooled on ice and 960 μL of a vanillin-phosphoric acid
reagent was added. The solution in each tube was left
to react at room temperature for 30 min. They were
then mixed and the absorbance read at 525 nm. Lipid
concentrations were obtained from a standard curve
using corn oil.
Glycogen
For glycogen analysis, 1 mL of anthrone reagent
was added to the tube containing the precipitate and
heated at 90 °C for 15 min. The tube was cooled on
ice and the absorbance read at 625 nm. Because all
glycogen in the sample is presumed to have
precipitated to the bottom of the tube, the absorbance
amount is considered representative of the whole
insect. Glycogen concentrations were obtained from a
standard curve using glucose.

Total sugars
A hot anthrone test was used to estimate the
amount of total sugars in each female. We added 950
μL of anthrone reagent to the sugar tube, heated at 90
°C for 10 min and then cooled on ice. The absorbance
was read at 625 nm. As for the glycogen,
concentrations were obtained from a standard glucose
curve.
Statistical analysis
Statistical analysis were executed using SPSS
(Landau and Everitt 2004). Differences in lipid,
glycogen, and total sugar levels of parasitoids were
compared using one-way analysis of variance
(ANOVA). Where the differences were significant,
means were separated using the Student-NewmanKeuls (SNK) multiple range test at a probability level
of P ≤ 0.05.
Results
The mean lipid levels of emerging females was
261.07 ± 16.57 μg (n = 30). It then declined
significantly in females of all diet treatments (P ≤
0.05) (Table 1). The rate of lipid decline was slower in
honey- or sucrose-fed females than in completely
starved or sugar-starved females. The lipid levels of
sucrose-fed wasps did not differ from those of honeyfed wasps. Moreover, completely starved and sugarstarved females contained similar lipid levels (Table
1).

Table 1. Amounts (mean ± S.E.) of glycogen, lipid, and total sugars in female Bracon hebetor
that were either newly emerged, completely starved, sugar-starved (only water
provided), fed 50% honey, or fed 50% sucrose over the ten days of their lifespan.

Newly emerged

Lipid (μg)
(Mean ± S.E.)
n = 30

Glycogen (μg)
(Mean ± S.E.)
n = 30

Total Sugar (μg)
(Mean ± S.E.)
n = 30

261.07 ± 16.57a

17.99 ± 2.02b

10.38 ± 0.88c

Completely starved

49.49 ± 8.90c

8.90 ± 0.86c

27.28 ± 3.94b

Sugar-starved

65.06 ± 8.54c

9.39 ± 1.13c

25.81 ± 6.29b

Honey-fed

147.20 ± 9.38b

24.91 ± 1.59a

58.39 ± 6.33a

Sucrose-fed

130.57 ± 8.15b

22.87 ± 1.97a

51.49 ± 5.33a

n indicates the number of females used in analysis. Values within the same column having
different letters are significant (P ≤ 0.05) (Student-Newman Keuls test).
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The mean estimated amount of glycogen present
in newly emerged female B. hebetor was 17.99 ± 2.02
μg. There was a significant effect from the diet
treatments on the glycogen levels of female wasps
(Table 1). The mean glycogen levels of honey- and
sucrose-fed wasps were considerably higher than
those of completely starved and sugar-starved wasps.
However, there was no significant difference between
honey- and sucrose-fed females (P > 0.05). Similar
results were obtained for completely starved and
sugar-starved females; the mean glycogen levels of
these wasps were not significantly different (Table 1)
(P > 0.05).

We did not investigate the extent of lipogenesis in
the parasitoid B. hebetor by conducting radiotracer
studies. As the lipid composition of parasitoids
decreased over their lifetime even if food was
available, we can suggest that lipids are synthesized
only during the pre-adult stages and that adults of this
species have no lipogenic capabilities. Surprisingly, all
parasitoid species studied so far seem unable to
synthesize lipids from sugars (Olson et al. 2000;
Rivero and West 2002; Lee et al. 2004). This is in
contrast to de novo lipid synthesis in a number of
other insect species fed only sugar (Walker et al. 1970;
Warburg and Yuval 1996).

B. hebetor females emerged with lower levels of
total sugar (10.38 ± 0.88 μg) when compared to older
females as measured with the hot anthrone test. The
sugar levels of females that had fed on sucrose and
honey were significantly higher than those of the
newly emerged, completely starved, and sugar-starved
wasps (Table 1) (P ≤ 0.05). Furthermore, completely
starved and sugar-starved wasps had significantly
higher sugar levels than newly emerged females (P ≤
0.05).

Anthrone tests of whole females showed that total
sugar and glycogen levels of completely starved and
sugar-starved individuals were significantly lower
than those fed honey and sucrose. Likewise, in a
recent study, Wyckhuys et al. (2008) compared the
effects of honey, 50% sucrose solution, and honeydew
produced by the soybean aphid, Aphis glycines, on
nutrient levels and longevity of the parasitoid
Binodoxys communis. They reported that total sugar
and glycogen levels of honey- or sucrose-fed
individuals were consistently higher than those fed
honeydew or water. Similar results have also been
recorded for several other parasitoids including M.
grandi (Olson et al. 2000) and D. insulare (Lee et al.
2004). By contrast, Rivero and West (2002) reported
that the glycogen content of honey-fed N. vitripennis
females did not change with time.

Discussion
We found that the lipid, glycogen, and total sugar
levels of female B. hebetor were affected by sugar
feeding.
B. hebetor females emerged with high reserves of
lipids. In our study, lipid reserves appear irreplaceable
through feeding; they decrease with time even in
females fed ad libitum. In previous studies, similar
results have been observed for Macrocentrus grandii
(Goidanich) (Hymenoptera: Braconidae), Nasonia
vitripennis (Walker) (Hymenoptera: Braconidae), and
Diadegma insulare (Cresson) (Hymenoptera:
Ichneumonidae) (Olson et al. 2000; Rivero and West
2002; Lee et al. 2004).
While in sucrose- or honey-fed females lipid
reserves decrease progressively with time, completely
starved and sugar-starved females appear to make use
of a disproportionate amount of their lipid reserves.
This result indicates that a strong relationship exists
between the parasitoid’s nutritional state and their
utilization of metabolic reserves.

We also noted that the emergence levels of
glycogen were decreased in completely starved and
sugar-starved females. The decrease in glycogen
reserves in starved females appears to be associated
with an increase in sugar reserves. This pattern
suggests the mobilization of glycogen to body sugars.
Indeed, it is known that glycogen can be stored only
when sugar concentration in hemolymph reaches a
certain threshold. In contrast, glycogen reserves are
mobilized when the sugar concentration of the
hemolymph has declined below a certain value
(Ziegler and Schultz 1986; Rivero and Casas 1999).
In summary, our results provide insights into the
temporal patterns of nutrient metabolism in the
braconid wasp B. hebetor. Thus, it is hoped that this
work will contribute to the growing body of literature
on the nutritional ecology of this important parasitoid.
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